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BThe right ventricle-pulmonary artery (RV-PA) shunt toreestablish pulmonary blood supply in stage I palliation
for hypoplastic left heart syndrome (HLHS) was first intro-
duced by Norwood et al in 1981.1 The shunt materials they
sed were relatively large for neonates: 8-mm nonvalved
olytetrafluoroethylene (PTFE) graft (Gore-Tex, WL Gore &
ssociates, Inc., Flagstaff, AZ) tubes in 2 patients and 12-mm
alved conduits in another 2 patients. These patients all died
ithin 11 hours after surgery either from excessive pulmo-
ary blood flow or from right ventricular failure.
In February 1998, we attempted an RV-PA shunt using
-mm nonvalved PTFE graft to an 8-day-old girl with aortic
tresia, mitral atresia, and hypoplasia of the ascending aorta.
he first description of our technique at a major international
eeting was at the 3rd World Congress of Pediatric Cardiol-
gy and Cardiac Surgery in Toronto in 2001,2 followed by
he 82nd annual meeting of American Association for Tho-
acic Surgery in 2002.
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http://dx.doi.org/10.1053/j.optechstcvs.2012.07.001The original procedure for the surgery was reported in
003.3 Since then, we have modified our technique.4,5 An
mportant technical modification was a patch plasty of the
istal main PA. Autologous pericardium was used in the ini-
ial 10 patients to patch the distal main PA, but, in subse-
uent patients, a cuff of PTFE tube was used. Another impor-
ant technical modification was the method for construction
f the neoaorta to use autologous tissue and avoid patch
aterial. The proximal aortic arch and ascending aorta just
pposite to the innominate artery are sutured inferiorly to
xtend the width of aortic arch and shorten the neoaortic
uture line (proximal arch plasty). This modification shifts
he proximal aortic arch inferiorly. A technical modification
f distal neoaortic reconstruction was the application of
rawn’s modification (distal arch plasty).6 Creation of the
right ventriculotomy for the RV-PA shunt is also an impor-
tant technical point. Initially, the ventricular hole was created
by a scissors or a knife. More recently, we have used an aortic
punch to create a small hole of consistent size and to prevent
late obstruction at the shunt anastomosis. It was also impor-
tant to punch out a piece of ventricular muscle underlying
the ventriculotomy. The diameter of the ventricular hole
should be approximately 1 mm larger than the PTFE graft.
In this article, we describe evolution of our surgical tech-
niques over 14 years’ institutional experience with amodified
Norwood procedure using an RV-PA shunt as stage I pallia-
tion for HLHS.
Sano modification with a right ventricle-to-pulmonary artery shunt 67Operative Technique
Figure 1 Arterial blood pressure monitoring lines are placed in the right radial artery and femoral artery in each patient
preoperatively. Through a midline sternotomy, the thymus gland is partially excised to obtain a better exposure of the head
vessels and aortic arch. The ascending aorta, aortic arch, its branches, ductus arteriosus, and innominate vein are dissected.
68 S. Sano and S. KasaharaFigure 2 Before establishment of cardiopulmonary bypass, the shuntmaterial is prepared on another table as follows: (1)
In the case of a 5-mm shunt, a 5-mmPTFE is cut into an appropriate length as a shunt tube. (2) A cuff for an anastomosis
to the distal end of themain pulmonary artery is tailored by opening vertically a piece of the same PTFE tube. The center
of the cuff is punched out to create a 5-mm-diameter opening. (3) The tube is anastamosed to this opening using an 8-0
Pronova (or 7-0 Prolene) suture. PTFE, polytetrafluoroethylene.
Sano modification with a right ventricle-to-pulmonary artery shunt 69Figure 3 Tourniquets are placed on the head vessels. Heparin is given. The innominate artery is fully mobilized and
isolated with a clamp. An innominate artery arteriotomy is performed and the PTFE graft is anastamosed to it with
running suture. For patients3.0 kg, 3.0-mm PTFE graft is used and for patients3.0 kg, 3.5-mm PTFE graft is used.
Usually a 3.0- or 3.5-mm SORIN arterial cannula (SORIN Group, Milano, Italy) is inserted into the PTFE tube that is
anastomosed to the innominate artery to maintain continuous cerebral perfusion. A purse-string suture is placed to the
proximal ductus arteriosus, and an 8-Fr Medtronic arterial cannula (Medtronic, Minneapolis, MN) is inserted through
this purse-string into descending aorta as a second arterial cannula. MPA, main pulmonary artery.
70 S. Sano and S. KasaharaFigure 4 (A) Following inser-
tion of a venous cannula into
the right atrium, cardiopulmo-
nary bypass is commenced at a
flow rate of 150-180 mL/min/
kg. By using this technique, the
whole body is perfused during
cooling and in preparation for
arch anastomosis to minimize
a lower body ischemia. The
right and left pulmonary
branch arteries are fully mobi-
lized to their first branches and
temporarily occluded with sil-
icone tapes and systemic cool-
ing is initiated. The main pul-
monary artery is transected
just proximal to the bifurca-
tion, and the cuff with the
PTFE tube (for RV-PA shunt) is
anastomosed to the distal
stump of the main pulmonary
artery. The size of the shunt
used is 4 mm in patients with a
body weight of2.0 kg, 5 mm
for those 2.0 to 3.5 kg, and 6
mm for those 3.5 kg.
(B) During cooling, the isth-
mus is ligated and divided to
obtain a better operative field.
After division of the duct,
proximal to the cannulation
site, the descending thoracic
aorta is extensively mobilized
by blunt dissection as far dis-
tally as possible.
Sano modification with a right ventricle-to-pulmonary artery shunt 71Figure 5 At a nasopharyngeal temperature of 22°C to 24°C, cold crystalloid Cardioplegic solution (30 mL/kg) is infused
over 3 minutes through PTFE graft anastomosed to innominate artery with clamps placed on the distal innominate and
the proximal aortic arch distal to innominate artery. During this time, cerebral perfusion and lower body perfusion are
maintained through the second arterial cannula in the descending aorta.
72 S. Sano and S. KasaharaFigure 6 The second arterial cannula is removed from the duct; the descending aorta 1 to 2 cm below the duct is
clamped, and all ductal tissue are excised from the descending aorta. The head vessels are snared with selective cerebral
perfusion through the innominate artery. The right radial artery pressure is maintained between at a mean of 30 and 40
mm Hg, which usually requires 30% to 70% of total bypass flow.7 The isthmus tissue is excised and the underside of
the aortic arch is opened; this incision is extended down onto the ascending aorta to the level of the transected main
pulmonary artery.
Sano modification with a right ventricle-to-pulmonary artery shunt 73Figure 7 The aortic arch and ascending aorta just opposite the origin of the innominate artery are almost always narrow
and right angled. The aim of proximal arch plasty is to widen the aortic arch and shorten the neoaortic suture line. By
adding the proximal arch plasty, the aortic arch and proximal PA become closer. The aortic arch and ascending aorta
opposite the origin of the innominate artery are sutured posteriorly and inferiorly using 8-0 Pronova running suture.
74 S. Sano and S. KasaharaFigure 8 The aortic arch reconstruction is carried out by means of Brawn’s modification (distal aortic arch plasty). The
proximal main pulmonary artery is anastomosed directly to the transverse arch and the ascending aorta. The neoaorta
is constructed by direct anastomoses of the descending aorta, the proximal main pulmonary artery, the aortic arch, and
the ascending aorta using 8-0 Pronova (or Prolene) running suture.
Sano modification with a right ventricle-to-pulmonary artery shunt 75Figure 9 Before completion of the aortic arch reconstruction, the pulmonary valve is inspected and an appropriate site
of ventriculotomy for the RV-PA shunt, which is 1.5-2 cm below the pulmonary valve, is marked on the right
ventricular outflow tract.
76 S. Sano and S. KasaharaFigure 10 When the proximal main pulmonary artery is short, a glutaraldehyde-treated autologous pericardium is
interposed to prevent recoarctation.
Sano modification with a right ventricle-to-pulmonary artery shunt 77Figure 11 After completion of the aortic arch reconstruction, the circulation is arrested. The venous cannula is removed
from the right atrium. The atrial septum is excised, working through the cannulation suture on the atrial appendage
during a short period of low-flow perfusion or total circulatory arrest.
78 S. Sano and S. KasaharaFigure 12 A small right ventriculotomy is made at the previously marked site. A 4.5-mm aortic punch is used to create
the opening. To prevent late obstruction at the shunt anastomosis, it is important to excise a portion of ventricular
muscle underlying the ventriculotomy. The size of the ventricular hole should be approximately 1 mm bigger than the
PTFE graft. The RV-PA shunt is placed to the left of the neoaorta in all patients.
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Sano modification with a right ventricle-to-pulmonary artery shunt 79Discussion
Since our first report of a modifiedNorwood procedure using
an RV-PA shunt (Sanomodification), the operative technique
has evolved over time4,5; also, innovations described by other
urgeons have been adopted to improve results. Ring-en-
orced PTFE graft has been used recently for the RV-PA shunt
o prevent proximal stenosis of the graft and simplify the
roximal anastomosis.8
Between February 1998 and October 2010, 100 patients
with HLHS underwent the modified Norwood with RV-PA
shunt at Okayama University Hospital. There have been
10 hospital deaths, for an early survival rate of 90%. Sur-
vival was 80% at 1 year and 73% at 5 years. Risk factors for
mortality include low body weight, prematurity, more
Figure 13 The aortic cross-clamp is removed and all sn
ventriculotomy during rewarming using 6-0 Pronova (o
6-0 Pronova pledgeted double purse-string sutures are
ventriculotomywith 2 rings inside the ventricle and purs
is used more frequently except for small babies with a b
After rewarming to a rectal temperature35°C, card
ultrafiltration is routinely used for 10 minutes after w
saturation (SaO2) is85% on an FiO2 of 0.30, middle-siz
flow and decrease the SaO2 to 80% to 85%. Delayed stethan moderate tricuspid regurgitation, and intact atrialseptum. Stage 1 survival for patients without these factors
was 97% and with a 5-year survival of 90% in our experi-
ence.
Conclusions
In conclusion, Sano modification with the RV-PA shunt has
improved the survival rate of patients with HLHS.More effort
should be made to achieve further improvement of the long-
term results for patients with HLHS.
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